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Abstract
Background—Down-regulation of negative emotions by cognitive strategies relies on prefrontal
cortical modulation of limbic brain regions, and impaired frontolimbic functioning during
cognitive reappraisal has been observed in affective disorders. However, no study to date has
examined cognitive reappraisal in unmedicated euthymic individuals with a history of major
depressive disorder relative to symptom-matched controls. Given that a history of depression is a
critical risk factor for future depressive episodes, investigating the neural mechanisms of emotion
regulation in remitted major depressive disorder (rMDD) may yield novel insights into depression
risk.
Method—We assessed 37 individuals (18 rMDD, 19 controls) with functional magnetic
resonance imaging (fMRI) during a task requiring cognitive reappraisal of sad images.
Results—Both groups demonstrated decreased self-reported negative affect after cognitive
reappraisal and no group differences in the effects of cognitive reappraisal on mood were evident.
Functional MRI results indicated greater paracingulate gyrus (rostral anterior cingulate cortex,
Brodmann area 32) activation and decreased right midfrontal gyrus (Brodmann area 6) activation
during the reappraisal of sad images.
Limitations—Trial-by-trial ratings of pre-regulation affect were not collected, limiting the
interpretation of post-regulation negative affect scores.
Conclusions—Results suggest that activation of rostral anterior cingulate cortex, a region linked
to the prediction of antidepressant treatment response, and of the right midfrontal gyrus, a region
involved in cognitive control in the context of cognitive reappraisal, may represent
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endophenotypic markers of future depression risk. Future prospective studies will be needed to
validate the predictive utility of these neural markers.
Keywords
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Introduction
Effective emotion regulation is a critical factor for psychological health, and functional
magnetic resonance imaging (fMRI) has implicated a number of frontolimbic brain regions
in emotion regulation (Ochsner et al., 2004). In adults without psychopathology, prefrontal
cortical regions, including dorsolateral prefrontal cortex, ventrolateral prefrontal cortex, and
anterior cingulate cortex modulate emotional responses in limbic regions (Ochsner and
Gross, 2008). Within this regulatory circuit, the medial prefrontal cortex and rostral anterior
cingulate cortex are positively associated with activation in prefrontal cognitive control
regions and negatively associated with limbic activation (Urry et al., 2006; Siegle et al.,
2006).
Major depressive disorder (MDD) is characterized by dysregulated biological, cognitive,
and behavioral responses during affect processing (Davidson et al., 2002; Ressler and
Mayberg, 2007). Additionally, a handful of studies have documented differential activation
of frontolimbic brain regions during emotion regulation in MDD. Johnstone and collegues
(2007) reported an inverse relation between left ventral medial prefrontal cortex activation
and amygdala activation in controls but the opposite pattern in outpatients with MDD during
cognitive reappraisal, a form of emotion regulation in which the meaning of an emotional
stimulus is reinterpreted to change its affective tone. Consistent with this finding, Greening
and colleagues (2013) reported differential prefrontal cortical influence on amygdala
activation in MDD during regulation of both negative and positive emotions. Similarly,
Beauregard and colleagues (2006) reported hyperactivation in dorsal anterior cingulate
cortex, right amygdala, and right insula in MDD during down-regulation of responses to sad
film clips, and Erk and colleagues (2010) reported reduced prefrontal activation, reduced
prefrontolimbic coupling, and decreased capacity to reduce amygdala activation to negative
pictures in a manner that predicted depressive symptom severity. However, Dillon &
Pizzagalli (2013) reported evidence of successful modulation of brain activation in MDD
during reappraisal of negative stimuli in the context of specific instructions to dampen
emotion responses by increasing the sense of psychological distance, suggesting constraints
on the effects of MDD on the neural correlates of cognitive reappraisal.
Despite evidence of altered neural responses in MDD during emotion regulation, it is
unclear whether currently euthymic individuals with remitted MDD (rMDD) show similar
patterns of frontolimbic dysregulation, a finding that would suggest a marker of MDD
vulnerability, or, conversely, whether brain-based changes in regulation are constrained to
active depressive symptom states. Major depressive disorder is cyclical, with previous
depressive episodes serving as a powerful risk factor for future episodes (Lewinsohn et al.,
1988). Cognitive vulnerability theories of MDD posit that individuals at heightened MDD
risk are characterized by negative cognitive biases, including negative self-evaluations
(Gemar et al., 2001) and attentional bias towards negative stimuli (De Raedt and Koster,
2010). In euthymic individuals with a history of MDD, these biases may be evident only in
the context of an affective stressor (Scher et al., 2005), highlighting the critical importance
of effective emotion regulation in individuals with a history of MDD to protect against
future depressive episodes. Given that rMDD is associated with heightened vulnerability to
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future MDD episodes, identifying endophenotypes related to rMDD status may suggest
novel preventative intervention targets.
Euthymic individuals with a history of MDD show a range of altered neurocognitive and
neurobiological profiles, including impairments in cognitive control (Vanderhasselt and De
Raedt, 2009), altered resting regional homogeneity in frontal, temporal and parietal lobes
(Yuan et al., 2008), and deficits in attention and executive functions (Paelecke-Habermann
et al., 2005). Euthymic individuals with a history of MDD also show increased orbitofrontal
and anterior cingulate cortex activity in response to sad images, suggestive of MDD-like
emotion regulation deficits (Liotti et al., 2002). In addition, rMDD is characterized by
greater left dorsolateral prefrontal cortex activity to negative emotional distracters during
working memory (Kerestes et al., 2011) and higher calcarine cortex activity to sad film clips
(Farb et al., 2011), potentially reflecting compensatory activation to maintain adequate task
performance in the context of negative affective cues.
The purpose of the present study was to examine the neural mechanisms of cognitive
reappraisal of sad images in unmedicated individuals with a history of MDD. Cognitive
reappraisal is an effective emotion regulation strategy (Gross, 2002) that predicts depressive
symptom severity (Kraaij et al., 2002; Gross and John, 2003; Joormann and Gotlib, 2010)
and that may convey protection against the impact of stressful events (Sears et al., 2003).
We are aware of one previous fMRI study of emotion regulation in rMDD: Kanske and
colleagues (2012) examined response to negative images and reported increased amygdala
and orbitofrontal activation during cognitive reappraisal and increased amygdala and
anterior cingulate cortex activation during distraction in rMDD. However, a significant
proportion of the rMDD group was taking psychiatric medications, and depressive symptom
severity differed between the rMDD and control groups, confounding the effects of MDD
history with the effects of current MDD symptoms. The present study builds on the findings
of Kanske and colleagues (2012) by examining brain activation patterns during cognitive
reappraisal in an unmedicated rMDD sample compared to sample of controls matched on
(low) current MDD symptom severity. Given that rMDD is characterized by deficits in
cognitive control (Vanderhasselt and De Raedt, 2009), particularly in affective contexts (De
Raedt and Koster, 2010), we predicted compensatory increases in prefrontal cortical
activation during cognitive reappraisal, akin to the findings of Kanske et al (2012), and that
activation of prefrontal cortical regions linked to emotion regulation would be associated
with levels of negative affect following reappraisal.
Methods
1.1. Participants
Nineteen affectively healthy right-handed adult control participants (7 male; 15 Caucasian;
27.9 ± 6.3 years old; all right-handed) were recruited from lists of potential participants
maintained by the Duke-UNC Brain Imaging and Analysis Center (BIAC). Nineteen adults
with rMDD (4 male; 13 Caucasian; 24.5 ± 5.4 years old; 17 right-handed) were recruited via
a participant database maintained at the Cognitive Behavioral Research and Treatment
Program at Duke University Medical Center. Data from one rMDD participant were
excluded due to an elevated Beck Depression Inventory-II (BDI; Beck et al., 1996) score on
the day of the scan (BDI = 30), resulting in a final sample of 18 rMDD participants.
Exclusion criteria for both groups included age < 19 or > 55 years old, current Axis I
psychopathology, psychiatric medication use within the past month, verbal IQ scores
(estimated by the North American Adult Reading Test (Uttl, 2002)) < 80, BDI > 8, or MRI
contraindications. Inclusion in the rMDD group was contingent on a prior diagnosis of
MDD based on SCID I semi-structured interview (First et al., 1996). Control participants
were lifetime-free of MDD. None of the control participants and two rMDD participants
Smoski et al. Page 3













were receiving psychotherapy at the time of participation. Five rMDD participants had
previously used psychotropic medications. All participants consented to a protocol approved
by the local Human Investigations Committees at both UNC-Chapel Hill and Duke
University Medical Centers and were paid $35 for completing the imaging portion of the
study. All participants had normal or corrected-to-normal vision and completed a mock scan
session prior to imaging. Information about demographics and prior MDD episodes are
presented in Table 1.
1.2. fMRI task
Each trial began with a fixation cross (6 s) followed by presentation of a sad or neutral
picture (Figure 1 depicts the timing and content of the task). After initial picture display (6
to 9 s, jittered) a visual regulation instruction was superimposed on the bottom of the
picture, indicating the regulation strategy to use. Regulation continued for 5 s following
image offset. Finally, participants rated their post-trial affect using a visual analogue scale.
The task included three regulation conditions. In the “attend” condition, used with both sad
and neutral pictures, participants were instructed not to regulate their emotion response. In
the “reappraise” condition, used with only sad images, participants were asked to reinterpret
the image to reduce its negative tone. Both self-focused and situation-focused reappraisal
strategies were permitted (Ochsner et al., 2004). Results from a third condition, “accept,” are
not reported here. Four runs of twelve trials each were administered (48 trials total; 4’24”
per run), and there were 12 trials for each regulation condition.
Immediately prior to the scan, participants learned and practiced the regulation strategies
with an experimenter until they could correctly implement them without assistance. Task
images were drawn from two sources: (1) sad images from the International Affective
Picture System based on normative sadness ratings (Mikels et al., 2005), and (2) a normed
set of sad and neutral images used in previous MDD imaging studies (Wang et al., 2005;
Wang et al., 2008; Dichter et al., 2009; Dichter et al., 2010).
1.3. Imaging methods
Scanning was performed on a General Electric (Waukesha, Wisconsin, USA) MR750 3.0
Tesla scanner equipped with high-power high-duty-cycle 50-mT/m gradients at 200 T/m/s
slew rate and a 32-channel head coil for parallel imaging. A quadrature birdcage radio
frequency head coil was used for transmit and receive. A high resolution T1-weighted image
with 166 slices was acquired using a 3D FSPGR pulse sequence (TR = 7.484 ms; TE =
2.984 ms; FOV = 256 mm; image matrix = 256 × 256; voxel size = 1 mm3) and used for
coregistration with the functional data. This structural image was aligned in a near axial
plane defined by the anterior and posterior commissures. Whole brain functional images
were acquired using a spiral pulse sequence with SENSE reconstruction sensitive to blood
oxygenation level dependent contrast (TR, 1500 ms; TE, 30 ms; FOV, 256 mm; image
matrix, 64 × 64; α= 60°; voxel size = 4 mm3; 32 axial slices). Functional images were
aligned similarly to the T1-weighted structural image. A semi-automated high-order
shimming program ensured global field homogeneity.
1.4. Imaging data analysis
Functional data were preprocessed using FSL version 4.1.8 (Oxford Centre for Functional
Magnetic Resonance Imaging of the Brain (FMRIB), Oxford University, U.K.).
Preprocessing was applied in the following steps: (i) brain extraction for non-brain removal
(Smith et al., 2004), (ii) motion correction using MCFLIRT (Smith, 2002), (iii) spatial
smoothing using a Gaussian kernel of FWHM 5 mm, (iv) mean-based intensity
normalization of all volumes by the same factor, and (v) high-pass filtering (Jenkinson et al.,
2002). Functional images of each participant were co-registered to structural images in
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native space, and structural images were normalized into a standard stereotaxic space
(Montreal Neurological Institute) for intersubject comparison. This transformation included
resampling voxel sizes to 2 mm3. The same transformation matrices used for structural-to-
standard transformations were then used for functional-to-standard space transformations of
co-registered functional images. All registrations were carried out using an intermodal
registration tool (Jenkinson et al., 2002; Smith et al., 2004). Voxel-wise temporal
autocorrelation was estimated and corrected using FMRIB's Improved Linear Model (FILM;
Jenkinson and Smith, 2001). Onset times of events were used to model a signal response
containing a regressor for each strategy, which was convolved with a double-γ function to
model the hemodynamic response. Model fitting generated whole brain images of parameter
estimates and variances representing average signal change from baseline. Group-wise
activation images were calculated by a mixed effects higher level analysis using Bayesian
estimation techniques, FMRIB Local Analysis of Mixed Effects (FILM, Woolrich et al.,
2001; Smith et al., 2004).
An a priori mask was created for small volume correction that included the frontal lobes and
bilateral amygdala generated in FSL using the Harvard–Oxford cortical and subcortical
structural probabilistic atlases. Masks were thresholded at 25%, binarized, and then
combined into a single mask using fslmaths. For all analyses, voxels were considered
significant if they passed a statistical threshold of p<.005, uncorrected, and were part of a
35-voxel (280 mm3) cluster of contiguous significant voxels, resulting in a cluster-corrected
significance threshold of p<.05. This cluster size was determined by performing 1000 Monte
Carlo simulations using 3dClustSim (Ward, 2000).
Pre-regulation and regulation phases of the task were analyzed separately. General linear
models evaluated clusters that showed significant interactions of Group (rMDD, control)
with trial type (sad relative to neutral images for the pre-regulation phase; reappraise-sad
relative to attend-sad for the regulation phase). Activation localizations were based on
Harvard-Oxford cortical and subcortical structural probabilistic atlases, with Brodmann area
identification via the Talairach Daemon, as implemented in FSL View v3.1.8. Exploratory
correlation analyses between brain activation and clinical characteristics of the rMDD group
were conducted by extracting contrast estimates from each participant and condition within
significant clusters identified by the whole-brain general linear models described above.
Results
Emotion regulation self-report
In-scanner self-reported emotion regulation was evaluated via a 2 (Group: rMDD, control) ×
3 (Trial Type: attend-sad, attend-neutral, reappraise-sad) repeated measures ANOVA. There
was a significant main effect of Trial Type, F(2,70) = 103.67, p < .0001. Follow-up paired t
tests indicated more negative affect ratings on attend-sad trials than reappraise-sad trials,
t(36) = 5.06, p < .001, and more negative affect ratings on reappraise-sad trials than attend-
neutral trials, t(36) = 8.20, p <.001. There was no main effect of Group, F(1,35) = 0.96, p = .
34, or Group × Trial Type interaction, F(2,70) = 1.82, p = .17. These results indicate that
both groups reported successful emotion regulation, with no differences between groups.
Imaging Data: Group Differences during Pre-Regulation
Though not a central focus of this investigation, the pre-regulation phase was analyzed via a
Group (rMDD, control) × Trial Type (sad images, neutral images) model. This model
revealed that the rMDD group was characterized by relatively decreased activation in left
frontal pole, bilateral inferior frontal gyrus, right middle frontal gyrus, and left precentral
gyrus during the pre-regulation condition (see Table 2). Conversely, there were no clusters
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with greater activation in the rMDD group. To evaluate the influence of left-handedness on
these results, the same model was evaluated omitting the two left-handed participants, and
significant rMDD<control clusters remained in these regions. To evaluate the influence of
current psychotherapy use on these results, the same model was evaluated omitting the two
participants who were receiving psychotherapy. The left inferior frontal gyrus cluster was no
longer significant, but the rMDD<control significant clusters in the other regions remained.
Imaging Data: Group Differences during Emotion Regulation
Of central interest were group differences during emotion regulation. Group (rMDD,
control) × Trial Type (reappraise-sad, attend-sad) models during emotion regulation (see
Table 3 and Figure 2) revealed that the rMDD group was characterized by relatively
decreased activation in right middle frontal gyrus (Brodmann area 6) and by relatively
greater activation in right paracingulate gyrus (Brodmann’s area 32 within rostral anterior
cingulate cortex (rACC)). Group- and condition-averaged signal intensities extracted from
these clusters revealed that, for the right middle frontal gyrus cluster, the rMDD
demonstrated significantly decreased activation relative to the control group during the
reappraisal of sad images (p<.05), and the control group demonstrated greater activation
during reappraisal of sad images relative to attending to neural images(p<.001). For the
rACC cluster, the rMDD group showed greater activation during the reappraisal of sad
images relative to attending to sad images (p<.003) and a trend towards decreased activation
relative to the control group during the attend condition (p<.06). To evaluate the influence of
left-handedness and current psychotherapy use on these results, the same model was
evaluated first omitting the two left-handed participants and next omitting the two
participants who were receiving psychotherapy, and these clusters remained significant.
Correlations between brain activation and self-reported emotion regulation in the rMDD
group
To test for relations between brain activation magnitudes and self-reported emotion
regulation in the rMDD group, correlations between activation magnitudes within clusters
reported in Tables 2 and 3 and in-scanner reports of post-reappraisal affect were evaluated.
Even at uncorrected significance thresholds, no relations were significant.
Discussion
The purpose of this study was to extend the literature on the neural correlates of emotion
regulation in MDD to currently euthymic individuals with a history of MDD. Studying
individuals with a prior history of depressive episodes may clarify mechanisms by which
MDD history conveys vulnerability to future depressive episodes, and the elucidation of
endophenotypes linked to MDD in patients with a history of the disorder is a necessary,
though not sufficient, criteria contributing to the identification of a risk marker for a disorder
(Alloy et al., 1999).
Given the growing literature documenting differential prefrontal cortex and amygdala
activations during emotion regulation in MDD, (Johnstone et al., 2007; Greening et al.,
2013) (Beauregard et al., 2006; Erk et al., 2010), primary analyses focused on the contrast of
cognitive reappraisal of sad images versus attending to sad images. We predicted that the
rMDD group would show relatively increased activation in prefrontal cortical regions
associated with cognitive control in the context of affective processing (Ochsner et al., 2002;
Ochsner et al., 2004). Results partially confirmed hypotheses, as we found evidence of
relatively greater activation in rACC, though we also found relatively decreased activation
in right middle frontal gyrus.
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The middle frontal gyrus and the rACC play critical functional roles in MDD. The middle
frontal gyrus is recruited during tasks involving working memory, selective attention, and
successful emotion regulation (Ochsner and Gross, 2008; Ochsner et al., 2004). Multiple
studies have documented decreased middle frontal gyrus activity in MDD during tasks
involving emotion processing (Feeser et al., 2013; Dichter et al., 2009), cognitive control
(Kikuchi et al., 2012; Okada et al., 2009), and, most relevant in the present context, emotion
regulation (Wang et al., 2008). Additionally, reduced pre-treatment middle frontal gyrus
activity is a predictor of worse antidepressant treatment response (Samson et al., 2011;
Lisiecka et al., 2011). We thus interpret the present findings of relatively decreased middle
frontal gyrus activity in rMDD during emotion regulation of sad images to potentially reflect
decreased neural resources to exert cognitive control, despite the fact that perhaps relatively
low task demands were not sufficient to yield group differences in self-reported emotion
regulation success.
The rACC, on the other hand, has emerged as a promising predictor of antidepressant
treatment response (Mayberg, 1997; Mayberg et al., 1997; Saxena et al., 2003; Kennedy et
al., 2007). A recent comprehensive meta-analysis of 23 studies that considered functional
neuroimaging predictors of a range of antidepressant treatments, including pharmacology,
electroconvulsive therapy, rapid transcranial magnetic stimulation, sleep deprivation, and
psychotherapy, as well as a range of imaging modalities, including electroencephalography,
magnetoencephalography, fMRI, positron emission tomography, and single photon emission
computed tomography reported that increased rACC activity is a robust predictor of
improved treatment response across various treatments and imaging modalities (Pizzagalli,
2011). One theory for the linkage between rACC activity and antidepressant treatment
response is its location as a “hub” position within the default mode network (Shackman et
al., 2011) that mediates adaptive self-referential processing as well as task-switching with
dorsal cognitive control networks in depression (Pizzagalli, 2011). In this regard, the well
documented biased emotion processing that characterizes depression (Gotlib and Joormann,
2010) may be rooted in increased tonic rACC activation that interferes with task-appropriate
activation. In this regard, increased rACC activation may be a marker of improved
emotional functioning in individuals who recovered from a recent episode of depression.
In-scanner self-reported mood after emotion regulation revealed that both the rMDD and
control groups were successful at down-regulating their responses to sad images, and groups
did not differ in these ratings, consistent with prior reports (Greening et al., 2013; Dillon and
Pizzagalli, 2013). The fact that group differences in fMRI were observed in the absence of
divergence in self-reported affect further supports the compensatory framework outlined
above with respect to rACC activation.
The present finding of increased prefrontal cortex activation during cognitive reappraisal
partially extends the results of Kanske and colleagues (2012) who reported relatively
increased right orbitofrontal cortex activation during cognitive reappraisal and relatively
increased dorsomedial prefrontal cortex activation during distraction regulation in rMDD.
Kanske et al. (2012) used high-arousal negative images, including mutilation images,
whereas the present study used images selected specifically for sad (i.e., low arousal)
content. Sad stimuli may be more personally relevant to individuals with a history of MDD
than stimuli eliciting physical threat or disgust (Mathews et al., 1996), which may in turn
promote more self-relevant cognitions (Wood et al., 1990). In this regard, the particular
stimulus sets used here may have contributed to localization of hyperactive responses in
rMDD in the present study to the rACC (Northoff et al., 2006).
Of note, whereas we did not find group differences in amygdala activation during cognitive
reappraisal, Kanske et al. (2012) reported decreased down-regulation of amygdala responses
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in rMDD during cognitive reappraisal. This may be related to the disparity in depressive
symptom severity in the rMDD groups in both studies. In the present study, groups were
matched on current depressive symptom severity, whereas rMDD participants had
significantly more depressive symptoms than controls in Kanske et al. (2012). Thus,
aberrant prefrontal cortex activation during emotion regulation may characterize rMDD in
the context of a range of subclinical depressive symptoms, whereas differences in prefrontal
modulatory effects on amygdala may not be evident in rMDD participants without
significant depressive symptoms.
Additionally, decreased middle frontal gyrus activity in rMDD was not reported in Kanske
et al. (2012). Reappraisal requires a reinterpretation of the meaning of an emotional stimulus
to change its affective tone, but the form of that reinterpretation varies across individuals.
For example, self-focused strategies, which include taking a detached, third-party
perspective on a negative stimulus, and situation-focused strategies, which involve making a
positive or optimistic reinterpretation of a negative stimulus, have been found to activate
overlapping but differentiable networks. The current study permitted both self-focused and
situation-focused reappraisal, and relatively decreased activation in right middle frontal
gyrus in rMDD is consistent with activation implicated in situation-focused reappraisal
(Ochsner et al., 2004).
Although group differences during the pre-regulatory phase of the task was not a primary
focus of the present study, during pre-regulation we found relatively less activation in a
number of prefrontal cortical regions previously shown to activate during emotion induction
(Steele and Lawrie, 2004; Kober et al., 2008) and regulation (Ochsner et al., 2004). Thus,
activation of these regions during pre-regulation may reflect automatic, nonconscious
affective regulatory processes activated to a lesser degree in the rMDD group while viewing
sad images.
One limitation in our design is the lack of measurement of trial-by-trial pre-regulation affect,
so group differences in subjective regulation success could not be directly measured.
However, the lack of group differences in self-reported negative affect to attend-sad trials
suggests that the groups did not differ in emotional reactivity to the sad images. Across
groups, lower negative affect scores following reappraisal versus attend-sad trials suggest
that reappraisal was associated with successful regulation. Interpretation of the clinical
relevance of the findings would be improved with data on long-term clinical course, to test if
neural activation during cognitive reappraisal predicts continued remission versus relapse.
In summary, in the absence of group differences in self-reported emotion regulation
effectiveness, we found that currently euthymic individuals with a history of MDD showed
decreased right middle frontal gyrus activation and increased rACC activation during
cognitive reappraisal of sad images. These findings were evident despite the fact that rMDD
and controls groups were matched to have equivalently low levels of depressive symptom
severity. These patterns of brain activity suggest a possible endophenotypic marker of risk
for future depression given that a prior history of depressive episodes represents a powerful
risk factor for future episodes (Lewinsohn et al., 1988). Further research is needed to
determine whether these patterns of brain activation prospectively convey greater risk for
future MDD episodes or are present before the onset of a first depressive episode.
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Emotion regulation task. Each trial consisted of a fixation cross, a neutral or sad image, a
regulation cue, a delay, and a query for current affect.
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The rMDD group demonstrated relatively less activation in right midfrontal gyrus (rMFG;
Brodmann area 6) (top) and relatively greater activation in right paracingulate gyrus (PCG;
Brodmann area 32; bottom) during reappraisal of sad images contrasted with attending to
sad images. Whole-brain analyses are on the left and bar graphs from corresponding group-
and condition-averaged signal intensities for the rMFG (top) and PCG (bottom) clusters are
on the right. See text for results of all between- and within-groups t-tests on extracted signal
intensities.
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Table 1
Demographic and symptom severity information for control and rMDD participants. Two-tailed p-values for
between-group t tests or chi-squared analyses are in the final column.





Age 24.8 (4.7) 27.9 (6.3) .10
Gender Male/Female 4/14 7/12 .33
Race .37
  African American 6% 16%
  Caucasian 72% 79%
  Asian 11% 5%
  American Indian 6% 0%
Hispanic Ethnicity 22% 6% .18
NAART VIQ 110.7 (3.3) 110.2 (5.1) .70
BDI 2.9 (5.0) 1.4 (2.4) .24
# of previous depressive episodes 1.6 (0.9) - -
# of months since previous episode 40.4 (46.2) - -
NAART VIQ: North American Adult Reading Test (Uttl, 2002)
BDI: Beck Depression Inventory, 2nd Edition (Beck et al., 1996)
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